Introduction {#tca12357-sec-0005}
============

Worldwide, the incidence breast cancer increases parallel with social economic development. According to GLOBOCAN 2012, the breast cancer age‐standardized incidence rates of the world (ASRW) in developed and developing countries were 73.4 versus 31.3/100 000 respectively, with the former 2.4 times the latter.[1](#tca12357-bib-0001){ref-type="ref"} Although the breast cancer ASRW in China (22.1) was the lowest of all countries according to GLOBOCAN 2012, China\'s increasing rate of breast cancer incidence is twice as fast as the average rate of the world, as a result of rapid social economic development since the 1980s and changing reproductive patterns.[2](#tca12357-bib-0002){ref-type="ref"} Moreover, because of disparities in social economic development, the burden of breast cancer varies greatly between urban and rural areas. For example, the breast cancer ASRW in 31 Chinese tumor registration cities was twice as high as that of 41 rural counties in 2009 (34.3 vs. 17.0/100 000).[3](#tca12357-bib-0003){ref-type="ref"} Because suburban population was also included in the rate of these 31 cities, the actual urban‐rural difference may have been underestimated. Therefore, we estimated the breast cancer incidence rate of the urban female population in Shijiazhuang city, the capital of Hebei Province.

We used public medical insurance data to estimate the incidence rate because a population‐based tumor registry has not yet been established. All 2.37 million registered citizens of Shijiazhuang are covered by public medical insurance systems, and wherever a registered citizen is diagnosed and treated with cancer, he or she must report to the Shijiazhuang Municipal Medical Insurance Center to have the cost of treatment covered. Therefore we collated the reimbursement records of patients who had been hospitalized for breast cancer for the first time from January 1 to December 31, 2012 as newly diagnosed cases and estimated the incidence rate.

Methods {#tca12357-sec-0006}
=======

Background information of Shijiazhuang city {#tca12357-sec-0007}
-------------------------------------------

At the beginning of the 20th century, Shijiazhuang was a rural area consisting of a dozen small villages.[4](#tca12357-bib-0004){ref-type="ref"} It is located at the crossing point of the north‐southern bound Peking‐Wuhan railway and the east‐western bound Shijiazhuang‐Taiyuan railway. Although it has gradually developed into a small coal and textile city since the completion of the two railways around 1907, its prime urbanization only began after 1953 when it was chosen by the Chinese government as the capital of Hebei Province and a city with national development priority. During the first national five‐year program (1953--1957), the North China Pharmaceutical Cooperation, the largest antibiotic factory in Asia, and five modern textile plants were constructed in Shijiazhuang, and a large number of immigrant technicians came from Tianjin and Qingdao. As a result, the total number of municipal employees in Shijiazhuang increased from 81 067 in 1953 to 182 188 in 1957, and the total municipal population increased from 182 188 to 376 792 during the same period.

In 2012, the gross domestic product (GDP) per capita of Shijiazhuang was US\$6964.80, ranking 19th compared with 31 other Chinese cities.[3](#tca12357-bib-0003){ref-type="ref"}, [5](#tca12357-bib-0005){ref-type="ref"}

Breast cancer incidence, population data, and statistical methods {#tca12357-sec-0008}
-----------------------------------------------------------------

Since 2010, all registered citizens in Shijiazhuang have been covered by at least one public medical insurance system. The cost of medical treatment for breast cancer for these citizens, wherever hospitalized, is reimbursed at the Shijiazhuang Municipal Medical Insurance Center. In July 2014, we collated reimbursement records of female breast cancer patients who had been hospitalized for the first time between 1 January and 31 December 2012 as newly diagnosed breast cancer cases. We then validated the date and diagnosis by checking against hospital records.

Population data and age distribution of registered citizens of Shijiazhuang on 30 July 2012 were provided by the Population Division, Shijiazhuang Public Security Bureau. The total female population was 1 217 437 at 30 June 2012.

As reported previously, the female age distribution of the 2000 Chinese national population survey was used to calculate the age‐standardized rate for China (ASRC), and the Segi standard world population (modified by Doll) was used to calculate the age‐standardized rate of the world (ASRW).[6](#tca12357-bib-0006){ref-type="ref"}, [7](#tca12357-bib-0007){ref-type="ref"}, [8](#tca12357-bib-0008){ref-type="ref"} Using age‐standardized breast cancer incidence rates, urban Shijiazhuang was compared with 31 other Chinese tumor registration cities (2009 data), GLOBOCAN 2012 data, and the Yangpu and Gusu Districts of Suzhou City.[1](#tca12357-bib-0001){ref-type="ref"}, [3](#tca12357-bib-0003){ref-type="ref"}, [9](#tca12357-bib-0009){ref-type="ref"}, [10](#tca12357-bib-0010){ref-type="ref"} In addition, the Pearson correlation between the breast cancer incidence rate and GDP per capita for 31 Chinese cities and Shijiazhuang was estimated using SPSS version 13.0 (SPSS Inc., Chicago, IL, USA).[3](#tca12357-bib-0003){ref-type="ref"}, [5](#tca12357-bib-0005){ref-type="ref"} The study was approved by the institutional ethics review board of The Fourth Hospital of Hebei Medical University.

Results {#tca12357-sec-0009}
=======

Overall crude female breast cancer incidence rate {#tca12357-sec-0010}
-------------------------------------------------

In 2012, a total of 726 female breast cancer cases were diagnosed in urban Shijiazhuang. Breast cancer was the most frequently diagnosed cancer in Shijiazhuang women. The overall crude incidence rate, ASRC, and ASRW were 59.6, 48.5 and 45.5/100 000, respectively.

Age‐specific breast cancer incidence rate {#tca12357-sec-0011}
-----------------------------------------

The breast cancer incidence rate for the 0--24 year age group was 0, but doubled with every five‐year increase in age from 25 to 50. The increase was especially rapid among women aged between 35 and 50. The incidence rate climbed almost vertically from 41.52 at 35--39 years of age to 137/100 000 at 45--49 (Table [1](#tca12357-tbl-0001){ref-type="table-wrap"}, Fig [1](#tca12357-fig-0001){ref-type="fig"}). The incidence rate plateaued after age 50, slowly reaching a peak of 165.1/100 000 at 70--74 years of age, then decreasing after age 75.

###### 

Age‐specific incidence rates of female breast cancer in urban Shijiazhuang in 2012 compared with 77 urban and suburban Chinese cities in 2010

  Age group                  Breast cancer incidence in urban Shijiazhuang, 2012 (1/10^5^)   Breat cancer incidence in 77 Chinese cities, 2011 (1/10^5^)
  -------------------------- --------------------------------------------------------------- -------------------------------------------------------------
  0\~                        0.00                                                            0.00
  1\~                        0.00                                                            0.00
  5\~                        0.00                                                            0.05
  10\~                       0.00                                                            0.00
  15\~                       0.00                                                            0.00
  20\~                       0.00                                                            1.04
  25\~                       7.37                                                            4.54
  30\~                       22.84                                                           13.81
  35\~                       41.52                                                           33.28
  40\~                       77.42                                                           61.29
  45\~                       136.96                                                          93.09
  50\~                       150.13                                                          100.80
  55\~                       153.57                                                          106.99
  60\~                       159.09                                                          96.21
  65\~                       127.56                                                          91.27
  70\~                       165.09                                                          87.65
  75\~                       88.37                                                           82.30
  80\~                       27.88                                                           72.84
  85+                        8.37                                                            48.85
  Crude rate (1/10^5^)       59.63                                                           46.74
  ASRC (1/10^5^)             48.54                                                           33.66
  ASRW (1/10^5^)             45.52                                                           31.63
  Cum rate 0--74 years (%)   5.18                                                            3.45

ASRC, age‐standardized rate China; ASRW, age‐standardized rate world; cum, cumulative.

![Female age‐specific breast cancer incidence rates in urban Shijiazhuang, 2012.](TCA-7-522-g002){#tca12357-fig-0001}

Mean age at diagnosis {#tca12357-sec-0012}
---------------------

The mean age at diagnosis of female breast cancer was 55.1 years; the percentage of patients diagnosed aged under 65 was 78.0%. As was the case with other Chinese cities, the age distribution of breast cancer in Shijiazhuang is significantly younger than that in developed countries.[11](#tca12357-bib-0011){ref-type="ref"} As estimated by the World Health Organization (WHO), in China in 2008, 83.4% of patients with breast cancer were aged under 65, compared with 57.4% of patients in the United States (US). It is expected that over time the percentage in China will reach that of the US: by 2030, it is estimated that 73% of breast cancer patients in China will be aged under 65.[11](#tca12357-bib-0011){ref-type="ref"}

Comparison of breast cancer incidence rate between Shijiazhuang and other Chinese tumor registration cities {#tca12357-sec-0013}
-----------------------------------------------------------------------------------------------------------

The breast cancer ASRW reported for 2009 in 31 Chinese cities are listed in Figure [2](#tca12357-fig-0002){ref-type="fig"}.[3](#tca12357-bib-0003){ref-type="ref"} Southeast coast and heavily industrialized cities have higher rates of breast cancer than northwestern inland cities. The ASRW in Shijiazhuang was only lower than the rate in Guangzhou. Notably, Baoding city, a city of Hebei province located 100 km north of Shijiazhuang, has the fourth highest rate of breast cancer among the 31 Chinese cities.

![Comparison of age‐standardized female breast cancer incidence rates in Shijiazhuang and other 31 Chinese cities.](TCA-7-522-g001){#tca12357-fig-0002}

Correlation between incidence rate and gross domestic product per capita {#tca12357-sec-0014}
------------------------------------------------------------------------

The Pearson correlation between age‐standardized breast cancer incidence rate and GDP per capita in the 32 Chinese cities (including Shijiazhuang) was significant (*r* = 0.49, *P* = 0.004).[3](#tca12357-bib-0003){ref-type="ref"}, [5](#tca12357-bib-0005){ref-type="ref"} Because the breast cancer ASRW in Shijiazhuang refers only to the registered urban female population, but some of the 31 Chinese cities include both urban and suburban women -- and the rate of breast cancer in urban women is usually higher than that in suburban women -- the rates may be incomparable. Below, we restrict our comparison to urban women only.

Comparison to urban women in other Chinese cities {#tca12357-sec-0015}
-------------------------------------------------

Han *et al.* reported that the breast cancer ASRC in the Yangpu District of Shanghai city was 46.6/100 000 in 2012, compared with 48.5/100 000 for Shijiazhuang.[9](#tca12357-bib-0009){ref-type="ref"} In addition, the annual percentage changes in the crude rate of breast cancer and ASRC in the Yangpu District of Shanghai from 2002 to 2012 were +3.5% (*P* \< 0.001) and +2.9% (*P* \< 0.001), demonstrating that the breast cancer rate in Shanghai has increased during this period.[9](#tca12357-bib-0009){ref-type="ref"} Gao *et al.* reported that the breast cancer ASRW in the Gusu District of Suzhou City in 2012 was 40.6/100 000, compared with 45.5/100 000 in urban Shijiazhuang.[10](#tca12357-bib-0010){ref-type="ref"}

Comparison with GLOBOCAN 2012 data {#tca12357-sec-0016}
----------------------------------

Worldwide, the breast cancer incidence rate is closely related to social economic development. According to GLOBOCAN 2012, the ASRW in North America, Australia, New Zealand, and Western and Northern Europe are estimated to be 85--96/100 000, with rates ranging from 46--75/100 1000 estimated for middle and Eastern Europe, Latin America, and the Caribbean, and rates in most of Africa and Asia as low as 27--43/100 000.[1](#tca12357-bib-0001){ref-type="ref"} China is the largest low to middle income country and 73.8% of the population lived in rural areas in 1990; therefore, the rate of female breast cancer in this region was the lowest in the world.[12](#tca12357-bib-0012){ref-type="ref"} The ASRW estimated by WHO in GLOBOCAN 2012 for Chinese women was merely 22.1/100 000, about half of the world rate for women (43.1/100 000), and even lower than that of all developing countries (31.3/100 000).[1](#tca12357-bib-0001){ref-type="ref"} Nevertheless, along with swift social economic development and rapid urbanization since the 1980s, the increase in the incidence rate of breast cancer in China has been the fastest worldwide. Because of huge disparities in social economic development between urban and rural areas, the burden of breast cancer varies significantly in China. For example, the ASR in urban Shijiazhuang in 2012 was 45.5/100 000, about twice as high as the rate estimated by GLOBOCAN for all Chinese women of 22.1/100 000. Compared with the results of GLOBOCAN 2012, the rate in urban Shijiazhuang women is higher than the global rate (43.1/100 000), and is between the rate in developed (73.4/100 000) and developing countries (31.3/100 000). GLOBOCAN 2012 estimated the female breast cancer ASRW in countries with very high, high, middle, and low human development at 78.2, 45.2, 26.5 and 32.6, respectively; therefore, the rate in Shijiazhuang is comparable to countries with high human development.[1](#tca12357-bib-0001){ref-type="ref"} Compared with the rate in neighboring Asian populations, the rate in Shijiazhuang is slightly lower than that of Japan (51.5/100 000) and South Korea (52.1/100 000), but significantly higher than India (25.8/100 000) and Mongolia (9.4/100 000).

Discussion {#tca12357-sec-0017}
==========

In China, breast cancer incidence rates are increasing parallel with social economic development and a Westernized lifestyle. In early industrialized countries, such as the US and the United Kingdom, the rate has plateaued at or above 120/100 000 in the last two decades, but the rate has been on the increase in developing countries since WWII.[1](#tca12357-bib-0001){ref-type="ref"} Migrant studies have found that the rate of breast cancer among Chinese emigrant women in the US has increased steadily from first to second and third generations, gradually approaching the rate of white women, suggesting that breast cancer is determined mainly by environmental or lifestyle risk factors.[13](#tca12357-bib-0013){ref-type="ref"}

Breast cancer in China began increasing in the 1980s, but because of more rapid social economic development, the rate of increase is twice that of the average global rate. Huang *et al.* reported that from 1988 to 2007, the breast cancer ASR in Beijing and Shanghai has increased by annual rates of 2.5% and 2.6%, respectively, and in the two rural counties, Linzhou and Qidong, it has increased by annual rates of 7% and 4.2%, respectively.[14](#tca12357-bib-0014){ref-type="ref"} This increase is significantly faster than that observed among white women (1.1%) or Asian emigrant women in the US (1.5%).[15](#tca12357-bib-0015){ref-type="ref"} In an analysis on the trend of breast cancer in China in the 164 million urban and 55 million rural population over 20 years, Li *et al*. reported that the crude incidence rate in cities increased by 3.9% annually from 36.2/100 000 in 1998 to 51.2/100 000 in 2007, and in rural areas by an annual rate of 6.3% from 10.4/100 000 to 19.6/100 000 during the same period.[16](#tca12357-bib-0016){ref-type="ref"} Consequently, breast cancer has become the most common female cancer in urban areas in China.[3](#tca12357-bib-0003){ref-type="ref"}

The breast cancer ASRW in urban Shijiazhuang in 2012 was 45.5/100 000, representing the highest level in Chinese cities when compared with the most recently published 2009 Chinese rates of breast cancer.[3](#tca12357-bib-0003){ref-type="ref"} When compared with the GLOBOCAN 2012 rates, it has reached the world\'s middle level.[1](#tca12357-bib-0001){ref-type="ref"}

The age distribution of breast cancer is significantly younger in Shijiazhuang than in developed countries.[11](#tca12357-bib-0011){ref-type="ref"} Breast cancer was diagnosed in 78% of women aged under 65 years, compared with 57% in the US.[11](#tca12357-bib-0011){ref-type="ref"} In Shijiazhuang, the increasing incidence rate was especially rapid among women aged under 50. The incidence rate climbed almost vertically from 41.52 for the 35--39 age interval to 137/100 000 in 45--49 year olds (Fig [1](#tca12357-fig-0001){ref-type="fig"}). The rate plateaued after 50 years of age, slowly reaching a peak of 165.1/100 000 at 70--74 years, then decreasing after age 75.

The predominance of breast cancer in younger women has been observed in Mainland China since the 1980s, and also in Taiwan, Hong Kong, and Japan, parallel with a Westernization of lifestyles after WWII.[17](#tca12357-bib-0017){ref-type="ref"} This particular pattern suggests that exposure to breast cancer risk factors differed significantly between women born before and after Westernization. Because women of latter generations are at a higher risk than women of earlier generations, a vertical increase in age‐specific incidence is observed.

A woman\'s risk of breast cancer is related to a lifetime of exposure to risk factors.[18](#tca12357-bib-0018){ref-type="ref"} In parallel with lifestyle Westernization in China, the traditional diet of grain or rice, vegetables, soybean, pork or fish was replaced by energy dense food, such as more saturated fat and animal protein. Urbanization brings about a more sedentary lifestyle, an increase in body mass index (BMI), earlier menarche, and later menopause in women. The prevalence of overweight condition and obesity increased. Meanwhile, more women joined the workforce and the increased human development cost of city life led to changes in the reproductive pattern, such as a decrease in birth rates, delayed child‐bearing, and reduced breast‐feeding. A large study in 2002 comprising 50 302 breast cancer patients and 96 973 controls from 30 countries including China, Japan, Singapore, and many Western countries confirmed that there was a 7%, (5--9%; *P* = 0.0001) reduction in breast cancer risk with each birth, in addition to a 4.3% (95% CI 2.9--5.8%; *P* = 0.0001) reduction in the risk for every 12 months of breast‐feeding.[19](#tca12357-bib-0019){ref-type="ref"} The birth rate in Chinese women born after the 1950s significantly decreased compared with earlier generations.[17](#tca12357-bib-0017){ref-type="ref"}

Because of a disparity in development, China\'s modernization still has a long way to go; therefore, it is expected that the breast cancer incidence rate will continue to rise. Hong Kong is the most Westernized city in China, with the highest incidence rate of breast cancer of all Chinese cities; however, the rate is still lower than Singapore.[20](#tca12357-bib-0020){ref-type="ref"} In Hong Kong, the age‐standardized incidence rate rose on average 1.7% per annum in the three decades between 1976 and 2010. On the basis of these trends, Wong *et al.* predicted that female age‐standardized breast cancer incidence rates would increase from 56.7 in 2011--2015 to 62.5/100 000 in 2021--2025.[21](#tca12357-bib-0021){ref-type="ref"} Between 2010 and 2015, urbanization in China took place at a rate of 3.1% annually. By 2015, 55.6% of the Chinese population had moved into cities, leading to a percentage of city dwellers 29.4% higher than in 1990.[12](#tca12357-bib-0012){ref-type="ref"} As a result of the increased cost of human development, urbanization is associated with a lower fertility rate, a sedentary lifestyle, and a Westernized diet. For instance, the fertility rate in Shanghai in 2013 was only 0.81, the lowest of all countries in the world.[17](#tca12357-bib-0017){ref-type="ref"} Even if the birth control policy had not been in place, a lower fertility rate is closely associated with urbanization. Presently, the breast cancer ASR in urban Shijiazhuang is at the highest level in China (45.5/100 000), but is still significantly lower than that of Hong Kong (56.7/100 000 in 2011--2015).[21](#tca12357-bib-0021){ref-type="ref"} Linos *et al.* predict that the age‐standardized breast cancer incidence rate for China in 2021 among women aged 35--69 years in 2001 will be 85.3/100 000.[18](#tca12357-bib-0018){ref-type="ref"}

Rising rates of breast cancer among Asian emigrants in the US and the trend in Asian developing countries parallel with a Westernization of lifestyles suggest breast cancer is preventable.[13](#tca12357-bib-0013){ref-type="ref"} As noted in the American Cancer Society\'s Guidelines on nutrition and physical activity for cancer prevention, maintaining a healthy body weight, increasing physical activity, and minimizing alcohol intake are the best available strategies to reduce the risk of developing breast cancer.[22](#tca12357-bib-0022){ref-type="ref"} Based on the distribution of major risk factors for breast cancer in a representative sample of Mainland Chinese women (*n* = 17 078) participating in the Chinese National Family Planning and Reproductive Health Survey, Linos *et al.* predicted modest reductions in menopausal hormone and alcohol use, and that weight maintenance could prevent 270 000 of the 2.5 million cases of breast cancer which would occur by 2021 among the total population of 130.3 million Chinese women aged 35--49 years in 2001.[18](#tca12357-bib-0018){ref-type="ref"}, [23](#tca12357-bib-0023){ref-type="ref"}

According to the results of a multi‐stage randomized sampling survey of 9605 adults aged ≥ 18 years in Shijiazhuang in 2013, the overall prevalence of overweight condition and obesity was 53.5%, with 34.1% of overweight and 19.4% obesity, which was higher than the Chinese national rates of 30.6% and 12.0%, respectively, and also higher than the worldwide prevalence of overweight adults of 31.3% in 2015, as estimated by WHO in 2006.[24](#tca12357-bib-0024){ref-type="ref"}, [25](#tca12357-bib-0025){ref-type="ref"}, [26](#tca12357-bib-0026){ref-type="ref"} Significant risk factors for overweight or obese conditions in Shijiazhuang include aging, low education level, and habitual alcohol consumption, suggesting that a persistent effort in health education may be helpful for prevention.[24](#tca12357-bib-0024){ref-type="ref"} In fact, control of overweight and obese conditions involve more than lifestyle modifications on an individual level. Social policies, such as regulation of the fast food industry, city transportation planning, and physical education requirements in schools, are also needed.

Dietary patterns in childhood have a significant effect on the risk of breast cancer. In a study of Asian emigrants to Hawaii and the US mainland, mothers recalled their children\'s diets during differing age periods. The results indicated that soy offers protection in those who have a high intake during childhood, but that the effect decreases in adolescence and adulthood.[27](#tca12357-bib-0027){ref-type="ref"} Prospective cohort data from China confirmed this finding.[28](#tca12357-bib-0028){ref-type="ref"} In China, Western‐style fast food is popular among children; fried chicken, hot sausages, or processed meat have replaced the traditional Chinese diet of soybeans or puffed rice. Overweight and obese conditions have increased and the age of menarche among girls has significantly decreased as a result of these high‐calorie and high fat diets. As reported by Ma *et al.*, menarche among urban Chinese girls decreased from 13.5 years in 1979 to 12.27 years between 2003 and 2005.[29](#tca12357-bib-0029){ref-type="ref"} A study by Iqbal *et al.* found that each year decrease in the age of menarche significantly increased the risk of breast cancer (odds ratio 1.67, 95% confidence interval 1.09--2.56; *P* = 0.02).[30](#tca12357-bib-0030){ref-type="ref"} Considering childhood and adolescent exposure has a significant impact on adult breast cancer risk, control of the unhealthy food industry aimed at children should be a prevention priority in China.[31](#tca12357-bib-0031){ref-type="ref"}

In order to confirm the completeness of our data, we conducted a pre‐study investigation in February 2014. We first visited or telephoned every household of the 33 200 registered residents in a community in Shijiazhuang city, to collect data of cancer cases diagnosed from 1 January through 31 December 2012. In total we found 71 cancer cases. We then checked these 71 cases against the reimbursement records at the Shijiazhuang Municipal Medical Insurance Center in July 2014. We located all of them, including five patients that had left Shijiazhuang to reside elsewhere. Although the tumor had not been diagnosed and treated in a Shijiazhuang hospital, patients were requested to report to the medical insurance center in the registered city to have their fee reimbursed. Therefore, we are confident of the completeness of our method of data collection. This method is also supported by a comparison of the incidence rates of major cancer types between Shijiazhuang and Peking, in which cancer incidence was collected through an integrated network of tumor registration. Although Shijiazhuang has a much younger population structure than Peking, the crude incidence rate of lung, colorectal, and liver cancer in men, and breast and ovarian cancer in women were similar to the rates in Peking, while the crude incidence rates of upper gastrointestinal cancer were much higher in Shijiazhuang than in Peking. These results suggest that collecting data of cancer cases through medical insurance data has been relatively complete for Shijiazhuang.

In conclusion, we found that the breast cancer incidence rate in urban Shijiazhuang in 2012 reached 45.5/100 000, representing the highest level in China. The rapid increase in breast cancer incidence since the 1980s in China is a result of the Westernization of lifestyles, parallel with social economic development, urbanization, and changing reproductive patterns. According to the experiences of Taiwan, Hong Kong, and other Asian populations, breast cancer will continue to rise over the next few decades. To reduce this increasing burden, primary interventions targeted at modifiable risk factors in Chinese women should be incorporated into public health programs.
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